ABSTRACT A whole-genome scan was conducted to map quantitative trait loci (QTL) for BSE resistance or susceptibility. Cows from four half-sib families were included and 173 microsatellite markers were used to construct a 2835-cM (Kosambi) linkage map covering 29 autosomes and the pseudoautosomal region of the sex chromosome. Interval mapping by linear regression was applied and extended to a multiple-QTL analysis approach that used identified QTL on other chromosomes as cofactors to increase mapping power. In the multiple-QTL analysis, two genome-wide significant QTL (BTA17 and X/Y ps ) and four genome-wide suggestive QTL (BTA1, 6, 13, and 19) were revealed. The QTL identified here using linkage analysis do not overlap with regions previously identified using TDT analysis. One factor that may explain the disparity between the results is that a more extensive data set was used in the present study. Furthermore, methodological differences between TDT and linkage analyses may affect the power of these approaches.
B OVINE spongiform encephalopathy (BSE) is a
ods following experimental challenge of sheep with difchronic, degenerative disorder affecting the cenferent sources of scrapie and BSE (see Hunter 1999 tral nervous system of cattle (http://www.bse.org.uk).
for review). In humans, the sporadic forms of CJD and It was first described in 1987 (Wells et al. 1987) and vCJD both seem to be associated with certain PrP gene confirmed to be a transmissible spongiform encephapolymorphisms (Palmer et al. 1991; Collinge et al. lopathy (TSE) in 1988 (http://www.bseinquiry.gov.uk). 1996b). Although Neibergs et al. (1994) suggested an TSEs also include scrapie in sheep and Creutzfeldt-Jakob increased BSE incidence in families of cattle with a disease (CJD) and Kuru in humans. According to the particular genotype within the octapeptide repeat reaberrant protein agent hypothesis, a disease-specific isogion of the PrP gene, to date, no convincing association form of the prion protein PrP Sc interacts with normal between polymorphisms at the PrP locus and incidence host PrP, resulting in its conversion to PrP Sc .
PrP
Sc is of BSE disease has been demonstrated for cattle, which resistant to digestion with protease and can be detected may be due partly to the relatively limited variability of in peripheral organs following infection; it later accuthe bovine PrP gene (Hills et al. 2003) . Studies of the mulates in the brain as the disease progresses. Clinical progeny of cows that developed BSE have suggested onset of disease is associated with neuronal cell death that there may be some elements of genetic control of resulting in the spongiform appearance of the brain susceptibility in cattle as there is an increased risk of and results in "nervousness," kicking, abnormal gait, BSE in offspring of BSE-affected cows compared with and pelvic limb ataxia in affected animals (Patterson unaffected controls (Donnelly et al. 1997; Ferguson and Painter 1999) . BSE can be experimentally transet al. 1997; Wilesmith et al. 1997) . However, it has been mitted across species (Bruce et al. 1994 ) and a distinct difficult to distinguish between increased susceptibility variant of CJD (vCJD) in humans has been linked to and maternal transmission of disease. Intriguingly, re-BSE (Collinge et al. 1996a ; Almond and Pattison cent studies of TSE transmission in mice showed that 1997).
genetic loci other than the PrP gene are likely to be A major feature of prion diseases is that, although involved in the genetic control of prion diseases (Baron they are not genetic, susceptibility of individuals to TSE 2002; Moreno et al. 2003) . In an earlier study on cattle, diseases is influenced by their genetic makeup and in we identified three marker loci on bovine chromosomes particular, their PrP genotype. Three codons in the 5, 10, and 20 that were significantly associated with BSE sheep PrP gene, at positions 136, 154, and 171, have and are not linked to the PrP locus (Hernández-Sán-been strongly associated with different incubation perichez et al. 2002) . A prion disease can be considered as a continuous trait if, for example, incubation period is measured or 1 (Falconer and Mackay 1996) where the values of the offspring per sire in the study variable above a certain threshold level are designated as affected (1) traits in backcross and F 2 populations using linear regression (LRG) and a generalized linear model (GLM) and concluded that both LRG and GLM gave similar results when the errors within each genotype class were by histopathology. No other information on their disnormally distributed. Kadarmideen et al. (2000) comease progression was available. Samples were collected pared GLM with LRG to map QTL for binary traits in by the U.K. Veterinary Field Service at the time of slaugha multi-family half-sib design and also reported that they ter of BSE suspects. Their sires were commonly used as had similar power to detect the QTL and gave similar artificial insemination donors and were not known to estimates of QTL location, effects, and variances.
have an increased frequency of BSE-affected offspring. In cattle, QTL mapping is commonly performed in Control (unaffected) animals and BSE cases were sama collection of paternal half-sib families that are propled at approximately the same time from the same duced by artificial insemination. Neimann-Sorensen farms and were sire matched and age matched; hence, and Robertson (1961) and Weller et al. (1990) prowe make the assumption that both sets of animals were posed, respectively, the daughter and granddaughter exposed to the same level of infectious agent. However, designs to analyze linkage between a single marker and there is no way to confirm that they were exposed to a QTL when data are structured in half-sib families. The the same degree as the affected animals. None of the drawback of these methods is that they use information controls subsequently appeared in the BSE case datafrom a single marker at a time. Interval mapping, which base of the British Ministry of Agriculture. Microsatellite uses information from multiple markers simultaneously, markers were chosen from two published bovine linkage has been used by Georges et al. (1995) ers was genotyped on all samples using an ABI373 DNA In this study, a genome-wide scan for QTL associated sequencer. The genotypes of the sires were inferred with BSE resistance or susceptibility was performed by from those of their daughters while the genotypes of applying interval mapping and cofactor analysis methdams were unknown. For more details about the samples ods in paternal half-sib Holstein cattle families. The and genotyping see Hernández-Sánchez et al. (2002) . goodness of fit of a two-QTL model was also tested to Markers and map construction: Marker linkage maps search for multiple QTL within the same linkage group.
were constructed using Cri-map software (Green et al. The results were compared with previous findings ob-1990) after setting all identifiable genotyping errors to tained using transmission-disequilibrium tests (TDT; unknown genotypes. Various Cri-map options were used Hernández- Sánchez et al. 2002) .
to determine linkage groups, marker orders, and marker distances within linkage groups. If the map distance of MATERIALS AND METHODS two neighboring markers was Ն100 cM, that linkage group was divided into two unlinked groups. Thirty-three linkage Samples and genotyping: Four half-sib Holstein sire groups, covering 2835 cM of the bovine genome across families with 360 cows, of which 268 were BSE affected all autosomes and the pseudoautosomal region of the sex and 92 BSE unaffected, were analyzed (Table 1) . These chromosomes, were produced. The complete set of maps families were selected from the same sample of animals can be viewed as supplementary material (supplement 1 as used in the previous study (Hernández-Sánchez et al. at http:/ /www.genetics.org/supplemental/). 2002). Study animals contracted BSE from the environ-QTL analysis: Linear regression methods were used ment during the United Kingdom's epidemic of the late for QTL analysis of the binary data (Visscher et al. 1996a; 1980s and 1990s . They were diagnosed by veterinarians using standard clinical criteria and BSE was confirmed Kadarmideen et al. 2000) . Initial QTL mapping was per-formed by using the web-based software package QTL linkage groups where significant evidence for a single QTL was detected by the cofactor analysis. A 1-cM grid Express (Seaton et al. 2002) , which implements the search was performed in QTL Express to estimate the multi-marker linear regression method (Knott et al. effects of two QTL at separate positions within the same 1996). In short, a conditional probability of inheriting linkage group simultaneously, examining all possible a particular haplotype from the sire was inferred from pairs of locations, and to test whether the two-QTL model the marker genotypes in all half-sib offspring. Then explained significantly more variation than the best the phenotypic value (i.e., affected or unaffected) was QTL from the single-QTL analysis. Cofactors from other regressed on the probability that a particular QTL allele linkage groups identified in the cofactor analysis were (associated with susceptibility or resistance) was inheralso fitted. The genetic model was ited from the sire. The genetic model was Y ij ϭ i ϩ b i X ij ϩ e ij , where Y ij is the phenotype of animal j, offspring
b ik X ijk ϩ e ij , of sire i; i is the mean of sire family i; b i is the allele substitution effect of the QTL within family i; X ij is the where the variables are as described above and l and m probability that animal j inherited the (arbitrarily asrefer to the two putative QTL positions on the chromosigned) first haplotype of sire i; and e ij is the residual some. The F-statistics were calculated by comparing effect. For every linkage group, F-statistics were calcumean squares from the two-QTL model with that of the lated by comparing the pooled mean squares obtained best one-QTL model with degrees of freedom equal to from regression within families to the residual mean S (numerator) and N Ϫ S(3 ϩ C) (denominator), where square. Numerator degrees of freedom was S and de-S is the number of sires, C is the number of cofactors, nominator degrees of freedom was N Ϫ 2S, where S is and N is the total number of offspring. the number of sires and N is the total number of progSignificance thresholds and confidence intervals: eny. This process was repeated at 1-cM intervals along Searching for QTL across an entire genome involves a each linkage group with the maximum F-value indicatlarge number of statistical tests for marker-trait associaing the most likely position of a QTL.
tions. The use of an appropriate significance threshold A multiple (cofactor) analysis can partly account for for each test is necessary to keep the number of false the variance generated by other segregating QTL and subpositives to an acceptable level (Lynch and Walsh stantially increases both power to detect a QTL and pre-1998). Significance thresholds were determined empiricision of estimating the QTL position (Lynch and cally by permutation tests to account for missing genoWalsh 1998). The strategy adopted was the simultanetypes and differences in marker density (Churchill ous analysis of multiple chromosomes in an outbred and Doerge 1994). half-sib design (de Koning et al. 2001) where all posiChromosome-wide significance levels (P chromosome ) were tions within a linkage group could be included in the obtained for each linkage group using 10,000 permutaanalysis of any family. Every round of analysis in this protions. Two genome-wide thresholds were set, one for cedure involved two steps. Chromosome positions show-"suggestive" and one for "significant" QTL. For genomeing significant associations with the trait from the prewide suggestive linkage, one false positive is expected liminary analysis were first selected as cofactors. Then (Lander and Kruglyak 1995) . The threshold for this all linkage groups were analyzed by standard interval level for a specific linkage group corresponds to that mapping including these cofactors as covariates, using for a P-value equal to the contribution (R) of that linkthe following genetic model, age group to the total genome length, which was obtained by dividing the length of a linkage group by the
b ik X ijk ϩ e ij , total length of the genome. The second threshold, for genome-wide significant linkage, was set to that correwhere the variables are as given above, and the sumsponding to 5% significance (i.e., one false positive exmation term reflects the contribution of cofactors, QTL pected in 20 genome scans; Lander and Kruglyak identified on other chromosomes. Cofactors on the chro-1995), and it was obtained from the chromosome-wide mosome under analysis were omitted (n is the number significance levels using the following Bonferroni corof linkage groups minus 1). QTL exceeding 5% chromorection (de Koning et al. 1999 ): some-wide threshold levels were selected as cofactors in
. the next round and this analysis was repeated until no new QTL were revealed. Cofactors were dropped from Confidence intervals (C.I.) for the location of possible the analysis if the corresponding significance level was QTL were constructed by bootstrapping the samples lower than the threshold calculated at every round for 1000 times (Visscher et al. 1996b) . Taking the top and each linkage group. bottom 2.5% of resampled positional estimates gave the To distinguish between the presence of one QTL with estimated 95% confidence interval for each QTL. a large effect and two linked QTL with smaller effects, In the two-QTL model, an F-test of two QTL vs. one QTL was performed for linkage groups harboring suga two-dimensional QTL search was carried out for those Contribution was calculated by dividing the length of a linkage group by the total length. Information content measured as the ratio of the variance of QTL conditional probability to the maximum variance was averaged over every centimorgan along a linkage group. Chromosomes 7, 11, and 21 were each divided into two linkage groups, 7A/7B, 11A/11B, and 21A/21B (21A contains only one marker and is not shown), because the map distance between two adjacent markers on each chromosome was Ͼ100 cM.
gestive QTL detected by the single-QTL model. The probabilities along each linkage group at 1-cM intervals were collected for every offspring in a family. The mean significance of the test statistics was determined from a probability (P mean ) and standard error (SE) for each famstandard F-table with degrees of freedom as given above.
ily were calculated and t-statistics were obtained from Segregation distortion: The TDT explores segregathe formula: tion distortion within the affected individuals from a heterozygous sire, significant distortion being seen as T ϭ |P mean Ϫ 0.5| SE . evidence for the presence of a disease-related gene. To compare our results to those from a previous study (Hernández-Sánchez et al. 2002) , we tested for segreThresholds for genome-wide significant segregation gation distortion within affected and unaffected individdistortion were set at 5%, adjusted using the Bonferroni uals for all linkage groups.
correction for multiple testing (number of tests ϭ 688 ϭ Segregation distortion was studied by testing whether 172 markers ϫ 4 families). This corresponds to a tabuthe average probability that a particular QTL allele inlated P-value of 0.000071. Degrees of freedom were determined by the number of animals in the smallest famherited from the sire deviated from 0.5. The inheritance cofactor" points in Figure 2 . Cofactor analysis was then applied, where the cofacGenetic map: A total of 173 microsatellite markers tors were the QTL exceeding the 5% chromosome-wide were used to construct a 2835 cM (Kosambi) genetic significance threshold found in the previous round. The linkage map of the bovine genome that included all QTL analysis was repeated including the cofactors until autosomes and the pseudoautosomal region of the sex no new QTL were revealed. By the final round, five chromosomes (Table 2 ). In total, 32 linkage groups cofactors in total were fixed and six QTL were obtained were analyzed, excluding one, that contained a single (one of the QTL did not feature as a cofactor). The marker, because interval mapping would not be very numbers of cofactors fitted in successive rounds were powerful for such a case. The average marker interval zero, seven, three, seven, four, six, and five. Two linkage per linkage group ranged from 1 to 24.2 cM with a gegroups (BTA17 and X/Y ps ) showed genome-wide signome-wide mean of 16.5 cM. Most of the linkage groups nificant evidence and four linkage groups (BTA1, 6, 13, were moderately informative with average information and 19) showed genome-wide suggestive evidence for content (Knott et al. 1998 ) ranging from 0.28 to 0.68. a single QTL (Table 3 and Figure 1 ). The significant The average information content at genome level was QTL on BTAX/Y ps was mapped to 58 cM (P genome ‫,)10.0ف‬ 0.55. The mapping results confirmed that the X/Y ps near marker TGLA325, with 95% C.I. between 50-69 markers underwent recombination in the sire and therecM. Families 2 and 3 accounted for most of this effect. fore were located in the pseudoautosomal region of the The genome-wide significant QTL on BTA17 was at sex chromosomes. marker INRA25, located at 144 cM (P genome ‫,)20.0ف‬ with Ten linkage groups were not in agreement with one 91-164 cM 95% C.I. Families 2 and 4 explained most or both of the two published maps. The majority of of the effect of this QTL. the differences were minor flips between closely linked
To calculate the proportion of variance explained by markers. BTA13 was the only chromosome for which the joint QTL, we estimated for each of the six QTL there was a major difference in the orientation of markthe ratio between the sum of squares explained by the ers; DIK93 was found at the centromeric end of the multiple-QTL model and the total sum of squares. The chromosome in our study and at the telomeric end of models including QTL plus four cofactors (BTA1, 6, 17, the IBRP map (most of the BTA13 markers used in this 19, and X) gave an estimate of 0.23 for the proportion of study were not found on the MARC map). Chance may variance explained, while the model including QTL plus explain the minor differences between maps, but it is five cofactors (BTA13) gave a slightly higher estimate not clear why the BTA13 maps were so different. As the (0.25). average number of informative meioses per marker was Compared with the six QTL obtained without cofac-167 in this study and all maps were well supported by tors, one QTL on BTA22 was removed and one new the Cri-map "FLIPS" option, we used this map rather QTL on BTA1 was added. Among the remaining five than published map positions.
QTL, the estimated positions of three QTL, on BTA6, QTL analysis: Six genome-wide suggestive QTL 19, and X/Y ps , moved 2-5 cM after the inclusion of (P chromosome Ͻ R) were identified using single-QTL mapcofactors, and the F-statistics for individual QTL were ping (BTA6, 13, 17, 19, 22 , and X/Y ps ). The most striking was on the BTAX/Y ps region, which also exceeded the either decreased or increased, with changes ranging from Ϫ0.1 (BTAX/Y ps ) to ϩ2.0 (BTA17). Figure 2 shows within affected individuals was found for one or more families on the following chromosomes: BTA1, 5, 10, the development of the maximum F-statistic for each individual linkage group during the cofactor analysis 13, 14, 17, 19, 21B, 26 , and X/Y ps . These include five of the six chromosomes with significant QTL (excluding process.
Comparison of two-QTL vs. one-QTL models pro-BTA6), two of the three chromosomes with significant TDT results (BTA5 and 10; Hernández-Sánchez et al. vided no support for additional QTL on any linkage group where genome-wide significant and suggestive 2002), and three others. Significant segregation distortion within unaffected individuals was found on BTA1, QTL were found using cofactor analysis.
Test for segregation distortion on chromosomes with 10, 13, 14, 17, 19, 21B , and X/Y ps for one or more families. These include the same five chromosomes with significant QTL: The TDT analysis of Hernández- Sán-chez et al. (2002) found associations between BSE infecsignificant QTL as seen for the affected individuals, one of the three chromosomes detected using TDT tion and loci on chromosomes 5, 10, and 20 (see below). In the current study, significant segregation distortion (BTA10), and two others (also seen for the affected DISCUSSION In this study, a genome-wide linkage analysis of QTL involved in susceptibility or resistance to BSE was conducted in a population of cattle consisting of four halfsib families. The QTL analysis, in which five cofactors were considered, identified four genome-wide "suggestive" and two genome-wide significant QTL. There was evidence for significant segregation distortion of sire alleles on five of the six chromosomes with QTL, but also on other chromosomes. The most consistent picture between the QTL and segregation distortion analyses was seen on BTA19 and X/Y ps , where segregation distor- has been associated with differences in susceptibility or incubation period of TSEs in other species, up to now polymorphisms in the bovine PrP gene have not been associated with variation in susceptibility to BSE. One individuals). The direction of the segregation distortion suggestive QTL in this study was identified on BTA13, (i.e., which allele is overrepresented) was different for which harbors the prion gene (PRNP). However, the the affected and unaffected offspring in a few cases. 95% C.I. for the QTL identified on BTA13 does not This pattern was seen for family 3 on BTA1, 19, and X, include the region where PRNP has been mapped (bebut not for the six other family/chromosome combinatween markers HUJ616 and ABS10; Schläpfer et al. tions where there was significant segregation distortion 2000); the distance between that QTL and PRNP is at for both affected and unaffected offspring. least 74 cM. Because of inconsistencies between our For the chromosomes where linkage analysis identimap order and that of the IBRP map for BTA13, linkage fied QTL, the maximum t-statistics for segregation disanalysis was also run using the subset of markers found tortion in affected offspring within individual families on the IBRP map and the IBRP positions for this chroand their positions are shown in Table 4 . When the mosome (results not shown). There was still a suggestive position of the maximum t-statistic is compared with QTL and its position was again distant from PRNP. that of the maximum F-statistic on the same linkage In mice, polymorphisms in PRNP are known to be group, there is substantial overlap in some cases but associated with variation in incidence or onset of disnot others. The greatest overlap in t-statistic and F-ratio ease. It is therefore interesting that in a QTL study in positions is for the pseudoautosomal X chromosome a mouse model of BSE infection, Manolakou et al. where the maximum statistics were physically close for (2001) also failed to detect any effect closely linked to PRNP, although a QTL was found on mouse chromoboth families 2 and 3.
TABLE 4
The maximum t-statistics for segregation distortion within affected offspring for linkage groups where putative QTL were detected Values in italic were above the 5% genome-wide threshold. For cases of significant segregation distortion, positions of maximum t-statistics are shown with the maximum F-ratio position in parentheses. some 2 where PRNP is located. This could suggest that sire) or because their inclusion biased the estimation of segregation ratios in the absence of maternal genotypes in both cattle and mice there is another locus on the (i.e., daughters with homozygous genotypes). Furthersame chromosome as PRNP that is involved in BSE remore, sires homozygous for a marker were also excluded sistance or susceptibility or, alternatively, that in both from the analysis. Using a very stringent significance studies, shortcomings in the analyses misplace the QTL threshold, Hernández-Sánchez et al. (2002) found regions. three significant markers associated with BSE on chroFour previous studies that mapped QTL related to mosomes BTA5, 10, and 20. Surprisingly, none of these the incubation period of TSE diseases in mouse models three regions are in common with genome-wide suggesrevealed significant or suggestive evidence for QTL on tive or significant QTL found in this study, although mouse chromosomes 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] 15, [17] [18] [19] significant segregation distortion within affected indison et al. 2000; Lloyd et al. 2001; Manolakou et al. viduals was found on two of these chromosomes. When 2001; Moreno et al. 2003) . Chromosomes 2 and 11 markers closely linked to the three significant associashowed significant evidence of a QTL in two of the tions were tested, only one, on BTA5, showed a signifistudies. Other chromosomal regions were supported for cant association with disease status under TDT. None association with TSE susceptibility either by significant of the markers identified using TDT showed the reverse evidence in only one study or by suggestive evidence in pattern of allele transmission in the unaffected animals. more than one study. Regions of the bovine genome A number of factors could contribute to differences in showing conservation of synteny with the mouse chrothe results between linkage and TDT analyses. Although mosomes were deduced via Mouse Genome Informatics the initial data set was the same, the samples used in (http://www.informatics.jax.org/). Several of the chrothe two analyses differed. The TDT analyzes individual mosomes containing regions where QTL were located loci separately and requires the sire to be heterozygous in this study (BTA1, 6, 13, 17, 19, and X/Y ps ) showed for the marker locus tested. In addition, the absence homology with mouse chromosomes with putative QTL.
of maternal genotypes meant that the paternal allele Due to the lack of resolution of the bovine map, howinherited for a particular locus could not be determined ever, it was difficult to align regions where the cattle for many of the progeny from heterozygous sires and QTL were located relative to the mouse map. A putative so these also could not be used in the TDT. As a consecandidate gene, Nf1, falls within the 95% C.I. of a gequence, the data set used by Hernández-Sánchez et al. nome-wide suggestive QTL on BTA19 in the current (2002) for any particular locus included approximately study and also falls within a QTL region on mouse chrohalf the data that was used in the linkage analysis. This mosome 11 described in two independent studies (Stewould have reduced the statistical power of the TDT phenson et al. Lloyd et al. 2001) . Neurological study (Cardon and Bell 2001) . To test whether differand behavioral defects have been described in Nf1 hoences in results arose from different data sets used in mozygous mutant mice (Costa et al. 2001) , suggesting each study, the same restrictions on genotypic data used that NF1 could play a role in the neurodegenerative in the TDT analysis were applied to BTA5, 10, and 20, process of BSE.
where significant associations were previously identified Although none of the above-mentioned mouse studby TDT (however, in this case, both affected and unafies identified QTL on the sex chromosomes, a sex effect fected individuals were included in the analysis). These on incubation period and survival time was noted by data were then analyzed using linkage methods. Results Manolakou et al. (2001) and Moreno et al. (2003) , using the restricted data set still failed to find significant respectively. Manolakou et al. (2001) were able to diseffects above the 5% chromosome-wide threshold alsect maternal effects from those due to the X chromothough the maximum F-statistics on BTA5 and BTA10 some in the F 1 generation and concluded that some of moved closer to markers BM315 and INRA107, which the sex differences seen in that population could be showed the greatest association under the TDT (results explained by X chromosome differences. The magninot shown). tude of the BTAX/Y ps effect in our study emphasizes Another possible explanation for the differences in the need for further investigation into the genetic basis results between the two approaches could be that TDT of sex differences in TSE susceptibility.
and linkage analysis via multiple regression are very Comparison with previous study: Hernández-Sán-different tests. The TDT examines distortion within afchez et al. (2002) conducted a genome-wide search for fected individuals for each sire and locus and uses markers associated with BSE incidence using a subset counts of segregating alleles as raw data. Linkage analyof the data used here. In that study, transmission probasis measures mean phenotypic differences between gebilities of the two sire alleles were assessed for the afnotype groups. Moreover, the power of TDT is affected fected daughters at each marker. A number of daughter by the recombination rate and the linkage disequilibgenotypes had to be excluded from the analysis either rium (LD) in the population (composed of four famibecause the transmitted sire allele could not be identilies), whereas linkage analysis depends on the recombination rate and is not affected by population-level LD. fied (i.e., daughters with the same genotype as their It is known that TDT is more powerful than linkage if the potential advantages of using different methods to explore the data and the need for independent verificathere is strong LD in the sample and the marker map is dense (Risch and Merikangas 1996) 
2003).
It is likely that population-wide distortion in marker alleles caused by factors other than BSE is present in LITERATURE CITED cattle populations that are subjected to intensive breedAlmond, G., and J. Pattison, 1997 Human BSE. Nature 389: 437-ing selection. This distortion could be detected by TDT, 438. giving misleading results. This is consistent with the fact did not exceed the threshold values. Hernández-Sán-
